Manual therapy is suggested as a potentially therapeutic intervention that may improve pulmonary function. However, this form of therapy is largely based on clinical observations and hypothetical models rather than mechanistic knowledge. This study examined the influence of a single session of manual therapy applied to the thoracic spine and thorax on dynamic pulmonary function over an extended time frame in healthy adults. Thoracic manual therapy is a widely used manipulative technique in clinical practice. However, this form of therapy is largely based on clinical observations and hypothetical models rather than mechanistic knowledge 1 . Specifically, research investigating the physiological outcomes of this form of therapy in healthy adults is currently lacking. Manual therapy to the spinal region is proposed to increase joint mobility 2 which could exert a positive influence on chest wall compliance and pulmonary function, a theory which has been previously investigated in those with respiratory system limitations such as chronic obstructive pulmonary disease and asthma [3] [4] [5] [6] . Thoracic manual therapy has been suggested as a therapeutic intervention with the potential to improve respiratory function among healthy individuals 7 , however research supporting this claim is limited. Previous thoracic manual therapy studies have investigated sympathetic nervous system activity and have reported increased in respiratory rate, heart rate, and blood pressure following thoracic manipulation 1, 8 . With the majority of the literature using patients with existing respiratory system limitations 3,5 , very few studies have looked at the impact thoracic manual therapy may have on respiratory function in healthy adults 7 . One such study has reported improved respiratory function following thoracic manual therapy, however, is constrained by several factors. First, the sample of participants comprised individuals categorized as being in the lower end of healthy lung function. Additionally, the improvements in respiratory function occurred following a series of six manual therapy treatment sessions; thus may not accurately reflect the use of thoracic manual therapy in an acute clinical setting. Finally, the effects of thoracic manual therapy on respiratory function have only been measured in the period immediately following treatment 3,7 and therefore the duration of these potential effects remains unknown. The duration of the treatment effect of thoracic manual therapy on respiratory function can have practical implications regarding potential enhancement of respiratory muscle function in healthy individuals. Therefore, this study examined the influence of a single session of thoracic manual therapy applied to the thoracic spine and thorax on dynamic pulmonary function over an extended time frame in healthy adults. To date, no previous studies have looked at the time course of any potential physiological benefits elicited by spinal manipulative therapy.
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Thoracic manual therapy treatment. The thoracic manual therapy intervention involved a single treatment session comprising two manual therapy techniques applied in standardized fashion: 1) high-velocity, low-amplitude thrust manipulation and 2) low-velocity joint mobilization. The thrust manipulations were targeted at the upper (T1-T3), mid (T4-T7), and lower (T8-T12) thoracic spine. The high-velocity techniques involved thrust manipulations with the participant in the seated or supine positions, depending on the clinician's judgement and the preference of the participant. If a joint cavitation was experienced with the thrust manipulation, the clinician proceeded to the next region. If no joint cavitation was experienced, the participant was repositioned and the technique was repeated. When no joint cavitation was experienced after the second attempt, the clinician proceeded to the next spinal region or technique. Additional details of these manipulation techniques have been reported previously 10, 11 . Following the thrust manipulations, the treating clinician performed low-velocity, rotatory, grade 4 joint mobilizations to the thoracic spine and/or costovertebral joints. With the participant seated and with hands placed on the contralateral shoulder, the clinician placed their hand on the spine or costovertebral joint and rotated the participant toward end-range. Each participant received one to three sets of 10 mobilizations to the left and right. The number of low-velocity mobilizations was determined by the clinician's discretion. Similarly, mobilizations were directed at joints and regions perceived by the clinician to be most stiff. Further details of the low-velocity mobilization technique are available elsewhere 12 . Total treatment time was approximately 5 minutes. A clinician with twelve years of clinical and manual therapy experience performed all treatments. Statistical Analysis. The minimum level of clinically important change in FVC and FEV 1 is estimated to be 12% 13 . Based on previous research 14 , we assumed the baseline mean (standard deviation) FEV 1 value would be 4.48 (0.6) liters with a correlation between measures of 0.3. Considering an alpha level of 0.05, recruiting 20 participants would provide 90% power to detect a 12% change in FEV 1 .
Data management and statistical analyses were performed using the Statistical Package for the Social Sciences version 21.0 (SPSS, Inc., Chicago, IL). Treatment effects were estimated using separate, one-way repeated measures analysis of variance models for each of the three dependent variables. The independent variable was time with five levels (pre-treatment baseline, and measures at 1 minute, 10 minutes, 20 minutes and 30 minutes post-treatment) and the dependent variables were FVC, FEV 1 , and MVV. Data was assessed for normality using the Kolmogorov-Smirnov test. Alpha level was 0.05 for all analyses. ) respectively. The mean (SD) FEV 1 /FVC ratio was 0.84 (0.07). There were no statistically significant changes in the pulmonary function measures at any time point following the manual therapy intervention (Table 1 ). There were no adverse events reported.
Results

Discussion
This study examined the effect of a single session of manual therapy applied to the thoracic spine and thorax on pulmonary function in healthy individuals. The main finding from this study was thoracic manual therapy did not alter pulmonary function immediately following or up to 30 minutes after a thoracic manual therapy intervention.
While thoracic manual therapy is a commonly used treatment modality, very little research has investigated its effect on pulmonary function. It has been previously proposed that manipulative therapy may enhance joint mobility and subsequently, enhance static and or dynamic lung function 7 . This was not the case in the present study with our findings indicating that a single thoracic manual therapy treatment applied to the thoracic spine and thorax does not result in immediate or transient (30 minutes) changes in pulmonary function. These findings are in contrast to Engel and Vemulpad 7 who reported increases in FVC/FEV 1 lung function measures following nonspecific high-velocity low-amplitude manipulation of the lower cervical and thoracic spine, and the posterior articulations of the associated ribs in healthy individuals. Importantly, these findings were only reported immediately following the sixth manual therapy session during an intervention consisting of six sessions over a four week period 7 . Further, the sample of participants in that study comprised individuals with low FVC readings (20 of the original 41 participants) and thus does not appropriately represent the general population. In addition, we feel our findings represent a clinical scenario where an individual is likely to encounter with a single manipulative treatment.
The intervention in the current study consisted of only one manual therapy treatment. It is possible that additional treatments may favourably impact pulmonary function; however, the intervention applied in this current study is likely to be reflective of what can typically be done in a clinical environment. It is possible that the specific manual therapy treatment applied may have differed in application to that of previous research, which may partly explain the discrepancies in findings. A further limitation is the effect of the thoracic manual therapy treatment was only measured up to 30 minutes post treatment; and the potential for longer term effect on pulmonary function is unknown. However it is unlikely that pulmonary function would change after this period of time, especially considering that thoracic manual therapy and specifically high-velocity manipulation may be driven by changes in skeletal muscle function and joint stiffness 15, 16 . Research investigating the effects of thoracic manual therapy on pulmonary function in both healthy and impaired populations is currently lacking. While the current study results do not support the use of thoracic manual therapy for enhancing pulmonary function in healthy adults, alternative thoracic manual therapy approaches may yield different results. Therefore, future research efforts in this area should examine the effects of different manual therapy techniques and treatment protocols.
Conclusion
Our findings do not support the use of thoracic manual therapy to provide a short-term benefit in respiratory function to healthy adults. As such, this treatment modality is unlikely to provide a benefit to already healthy individuals through further enhancements in respiratory function. Whilst no difference was seen at rest in healthy individuals, additional research is necessary to explore the possible effects of thoracic manual therapy in the context of enhancing performance in aerobic based sports where the respiratory system is considered a rate limited factor.
